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. In the latter case, the methods, developed at Orsay [2] and at UCLA [3] , consisted in monitoring mechanical vibrations of polycrystalline samples contained in glass cylinders (such as the tube T in Fig. 2 ) of height H and of radius R (Fig. 1) . 
EFFECTS OF FINITE HEIGHT IN CYLINDRICAL
SAMPLES. -In order to simplify theoretical calculations, it has been assumed in the previous paper [2] Fig. 2 ) was chosen to be 1.75 cm more than twice larger than previously [2] . As the boundary conditions on the ends of the cylindrical sample had to be taken into account, the bottom of the container was made from an optically flat glass plate P epoxied to the tube T, perpendicular to its axis; a non-slipping boundary condition was assumed in calculations. The upper surface of the sample was left free but the vertical position of the tube T was carefully adjusted in order to make this upper surface St parallel to Sb. Theoretically, in the calculation of section 3, a zero-stress boundary condition was assumed at this upper surface.
Excitation : in order to induce only the vibrations of cylindrical symmetry, the sample should have only one degree of freedom of rotation around its z-axis. This requirement was achieved by mounting the tube T on two ball bearings (B) using two conical joints (Cj) and a cylindrical metallic part (C).
As previously, oscillations of the sample were induced by a loudspeaker LS, coupled to the cylinder C by means of a rigid rod (R) (Fig. 4) . Let V;n( f ) be a voltage of frequency f applied to the speaker. In figure 3a we show a plot V 0 t(f), for the excitation voltage V;n( f ) (constant Oy is the result of squaring Vout using an analog multiplier and subsequent time-averaging by a low-pass filter). Clearly frequency range a feedback loop, was introduced, as shown in figure 4 , through a PID amplifier and an analog multiplier.
With proper adjustments of this feedback loop, the excitation system worked correctly and the resonance was suppressed as shown in figure 3b.
Detection of vibrations of the C. C. sample [5] : the vibrations induced in the colloidal crystal sample, by the axial oscillations of its container, can be detected either by optical [2] or by mechanical [3] where p is an average density of the suspension, E is a shear elastic modulus (supposed to be frequency, independent), and il is an effective shear viscosity (frequency independent).
In the following we will discuss the solution of (4) which will satisfy the boundary conditions imposed by the walls of the container. Fig. 2 ) is at rest The slipping conditions at the bottom and on the lateral walls of the container are :
NORMAL MODES. -Let us first suppose that the container T (in
The upper surface (free) must be stress-free :
The normal modes which satisfy equation (4) 3) S,(r, H) = f(r), where J'(r) is an unknown function of r which has to be determined. On the other hand, as the upper surface is free is must be stress free which means that :
Introducing S = Se e irot in equation (4) where a(r) and B(r) are to be determined from continuity of Si(r, z) (i = 1, 2, 3). S 1, in equation (14), represents the deformation of the cylinder, compatible with the motion of the lateral surface of the container and independent of the conditions on the two ends. In other words, S1 is the solution for the previously discussed case of the cylinder of infinite height (as 0) [2] .
Let us remember that, when Se is z-independent, the equation (13) The two other terms, S2 and S3, must be z-dependent; their role is to match the total function So to conditions 2) and 3) which, once a(r) and p(r) are known, write :
Let us suppose that Separating variables in equation (13) where is given by (22) and k2 = pw2/(E + iw il).
In the present case, where we are only interested in the relative measurements of ou it is enough to say that for any position of the diode, the voltage Vout is proportional to ðýJ = OSIOR (6 § « 1). figure 6b we show the theoretical spectra plotted by computer for E = 40 dyn/cm2 and il = 0.08 (a = 0.58). In the same figure, we show (dotted line) the theoretical spectra corresponding to the case of infinite height (a = 0). The differences between the plots for a = 0 and a = 0.58, very striking for small values of z, are due to the proximity of the bottom with non-slipping boundary conditions.
The relative height and width of the resonance depend mainly on the choice of the viscosity n. In figure 10 we show how the form of the spectra is modified by varying n, all other parameters being kept constant The choice of q can be made numerically by looking for the best (mean-square-error) fits of the whole spectra. However, this procedure requires digitizing of the experimental data and is rather time consuming. Our choice of il for the plots in figure 6b In the present paper we have pointed out that, for a given volume V of cylindrical samples of colloidal crystals, the lower frequencies of the normal modes occur when the aspect ratio R/H = a is of the order of aoptimum = 0.5. This case of finite cylinder height is therefore important when one wants to achieve the best determination of the elastic modulus under the condition of the smallest possible volume V.
We have solved theoretically the problem of vibration in such cylindrical samples of finite height. Our theoretical plots are in agreement with the experimental spectra obtained using a completely new experimental set-up.
The method described in the present paper is actually applied to the determination of the elastic moduli of different types of Colloidal Crystals [8] .
